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Introduction
Metabolic syndrome (MetS) as defined by the International Diabetes Federation (IDF) criteria is characterized by waist circumference ≥ 80 and ≥ 94 in women and men, respectively, and 2 or more of the following criteria: increased blood pressure, impaired glucose tolerance, hypertriglyceridemia, and low concentrations of serum high-density lipoprotein (HDL) cholesterol. 1 MetS is an important risk factor for mortality and morbidity associated with several chronic conditions including cardiovascular disease (CVD), diabetes mellitus (DM), and some cancers. [2] [3] [4] [5] [6] In American adults, the prevalence of MetS has been reported as 34%. 7 The number of Iranian women with MetS (55%) is higher compared to men (30.1%). 8 Several factors are known to contribute to the etiology of MetS.
Several studies have showed that lifestyle factors such as an inappropriate diet and physical activity level (PAL) have a key role in the development of MetS. 2, 9 An energy restricted diet including a suitable distribution of macronutrients coupled with moderate PAL is associated with an improvement in several risk factors of MetS and it has been shown that it delays the beginning of complications. 10 A macronutrient diet evidently has an important effect on obesity via affecting several metabolic processes, appetite, and thermogenesis. 11 Additionally, macronutrient oxidation and total energy expenditure in obese subjects can be affected by changes in the content of the diet. 11 Some studies have reported that a high carbohydrate intake is associated with low levels of serum high-density lipoprotein cholesterol (HDL-C) and increased plasma triacylglycerol concentration. 12, 13 Moreover, Kim et al. suggested that both the quantity and quality of carbohydrate intake have a positive relationship with the risk of MetS in women, although this relationship was dependent on body mass index (BMI). 14 Additionally, there are several studies that support a relationship between a high-fat diet (HFD) and the presence of obesity; this may be due to hyperphagia, 15, 16 or a reduction in sensitivity to satiety hormones (e.g., cholecystokinin). 17 A HFD is also more likely to result in a positive energy balance. 18 HFD-related postprandial insulin resistance (IR) is importantly mediated by impairment of parasympathetic-dependent insulin action, which is associated with adiposity. 19 A sedentary lifestyle with a low PAL also plays a vital role in the constellation of risk factors associated with MetS. 20, 21 Adequate leisuretime physical activity is important in preventing MetS phenotypes. 20 Exercise reduces abdominal adiposity, improves insulin action and HDL-C levels, and reduces the risk of type 2 diabetes even without weight reduction. 22, 23 Despite the fact that the association between several aspects of diet and components of MetS (obesity, high blood pressure, dyslipidemia, and glucose intolerance) has been investigated, few observational studies that have evaluated the association of macronutrient intake and physical activity levels with the presence of MetS. Furthermore, the results of the limited data that have been published are not conclusive and cannot be extrapolated to the Iranian population. Therefore, the aim of this study was to assess the relationship between macronutrient intake and physical activity levels, and the presence of MetS in order to provide evidences for lifestyle modification as an important factor related to MetS.
Materials and Methods
A population of 3800 subjects aged 35-65 years was selected from Mashhad Stroke and Heart Atherosclerotic Disorders (MASHAD: 2010-2020) Study, Mashhad, Iran, using stratified-cluster method. [24] [25] [26] [27] The following subjects were excluded: pregnant women, individuals with CVD, diabetes mellitus, or other metabolic disease, and those taking dietary supplements. The definition of MetS was based on the definition of the IDF. 1 Each participant provided a written informed consent form, and the study was approved by the ethics committee of Mashhad University of Medical Sciences, Iran.
Anthropometric parameters (weight, height, and waist circumference) were measured using standard protocols on which detailed information is presented in previous studies. [24] [25] [26] [27] Blood pressure (BP) was measured twice 30 minutes apart in the seated position in a participant at rest for at least 15 minutes using a standard mercury sphygmomanometer calibrated according to the Iranian Institute of Standards and Industrial Research. BMI was calculated as weight (kg) divided by height squared (m 2 ).
More information on measurements is provided elsewhere. 24-27 A full fasting lipid profile, comprising total cholesterol, triglycerides, HDL-C, and lowdensity lipoprotein cholesterol (LDL-C), was determined for each participant. Serum lipid and fasting blood sugar (FBS) concentrations were measured using enzymatic methods.
A 24-hour recall questionnaire was used to collect information on food and drink consumed over the last 24 hours. 2 To assess the nutritional intake of the subjects, Dietplan6 software (Forestfield Software Ltd., UK) was used to analyze macronutrient and micronutrient intake. The total energy intake and the values of crude and energy-adjusted intake of all macronutrients were reported in this study. Macronutrients were considered as a percentage of total caloric intake.
PAL was evaluated by a physical activity questionnaire. PAL was calculated as the total energy expenditure (TEE) as a ratio of the basal metabolic rate (BMR) over a 24-hour period. 2 The questions on physical activity were divided into time spent on activities during work, during non-work time, and in bed. 28 Physical activity level at work was scored using an ascending scale of intensity. 29 The sum of all scores constitutes the overall PAL. The participants were divided into quartiles within total PAL. SPSS software (version 16.0, SPSS Inc., Chicago, IL, USA) was used to analyze the data. The histogram and Kolmogorov-Smirnov test were applied to check the normal distribution of continuous variables. Categorical variables were compared using chi-square test. Continuous data with normal distribution were presented as mean and standard deviation (SD) or median and interquartile range in the case of skewed distribution, and categorical data were presented as frequency or percentage (%). Nutrient intake adjustment for total energy intake was done via residual method. 30 Energy-adjusted nutrient intakes were obtained as the residuals from the regression model in which absolute nutrient intake and total energy intake were considered as the dependent and independent variable, respectively. 30 Qualitative variables were compared using chi-square test. The normally distributed data (data were presented as mean ± SD) of the participants with and without MetS were compared using Student's t-test. For variables with non-normal distribution (data was presented as the median and interquartile range) Mann-Whitney test was applied.
Logistic regression was applied to calculate the odds ratios (ORs) and 95% confidence intervals (CIs) for MetS (lowest quintile considered as that reported by Freire et al. 30 ). Models were corrected for sex, age, smoking, PAL, total energy, BMI, and past medical history. Trend analysis was performed by assigning the median intake for each nutrient to individuals, then, considering it as a continuous variable in logistic regression. 30 A two-sided P ≤ 0.050 was used to characterize significant results.
Results
Of the 3800 (aged 35 to 65 years) participants in the final analytic sample, 1699 (44%) had MetS. The prevalence of MetS was 42% (n = 521) in men and 49% (n = 1178) in women (P = 0.001). MetS+ participants were older than MetS-participants, but age differences reached significance only in women (48.7 vs. 46.9 years; P < 0.001). Systolic BP (SBP), diastolic BP (DBP), waist girth, blood glucose, total cholesterol and triglycerides, uric acid, and C-reactive protein (CRP) (all P < 0.001) were significantly higher and HDL cholesterol was significantly lower (P < 0.001) in both men and women with MetS compared with those without MetS. Furthermore, MetS+ men had higher BMI than their MetScounterparts (128.9 vs. 118.8 kg/m 2 ; P < 0.001), while the MetS+ women group had higher LDL cholesterol (126.4 vs. 123.5 mg/dl; P = 0.040) and higher prevalence of smokers (21% vs. 14%; P < 0.001) compared with the MetS-women group (Table 1) . Significant gender × MetS interactions were apparent for smoking, and HDL and LDL cholesterol.
The mean values of total energy intake and crude intake of all macronutrients were higher in men with MetS than in those without MetS (all P < 0.001). However, there were no differences in energy-adjusted intake of macronutrients between the two groups (P > 0.050). Surprisingly, the crude intake of total fat (P < 0.010), saturated fatty acid (P < 0.050), and monounsaturated fatty acid (P < 0.010) was higher in women without MetS. Energy-adjusted intake of total fat was significantly different between MetS+ and MetS-subgroups in women (P = 0.010). Gender × MetS interactions were significant for crude intake of total fat, and crude and total energy-adjusted intake of polyunsaturated fatty acid.
Once correction (sex, age, PAL, smoking, past medical history, energy intake, and BMI) was carried out, it appears that the likelihood of having MetS was no longer significant for the intake of macronutrients (P > 0.050 for all) ( Table 2 ). The ORs of MetS decreased across quartiles of PAL with the top quartile of PAL being associated with an OR of 0.34 (95% CI: 0.17-0.57) relative to the lowest quartile (Table 3) .
Discussion
PALs were lower in the subjects with MetS compared subjects without MetS. However, adjusted total macronutrient intake had no significant association with the presence of MetS.
MetS+ subjects had higher levels of serum high sensitivity C-reactive protein (hs-CRP) and uric acid concentration. Chen et al. found a significant positive relationship between serum concentration of hs-CRP and the occurrence of MetS. 31 Furthermore, Konishi et al. reviewed the association between hs-CRP and MetS in epidemiological studies and reported that serum hs-CRP, as a main component of MetS, is generally increased in obese, hypertensive, and diabetic subjects as well as in subjects with low HDL-cholesterol and high triglyceride. 32 Oda and Kawai showed that hs-CRP could be considered as an inflammatory component of MetS in Japanese individuals. 33 In agreement with our results, several other studies found that serum uric acid was associated with MetS and its related risk factors. [34] [35] [36] [37] [38] [39] [40] [41] [42] Zhang et al. suggested that uric acid levels may be an independent risk marker for obesity, hypertension, and dyslipidemia, as the main components of MetS. 43 Another study showed an association between hyperuricemia and increased risk of MetS. 34 The results of a cross-sectional study among Korean Urban Rural Elderly (KURE) individuals suggested a positive relationship between increased serum concentration of uric acid and the presence of MetS. 36 In a longitudinal study, a high level of uric acid has been shown to be related to a higher risk of MetS in men after 10 years of follow-up. 44 A significant inverse association was detected between physical activity and the presence of MetS. This is consistent with the findings of two previous studies that reported regular physical exercise reduces overall body adipose tissue in general, and abdominal adiposity in particular, in obese and overweight subjects. 45, 46 Therefore, as a result of reduced adipose tissue, other components of MetS would be affected. 45 Guinhouya et al. reviewed cross-sectional, prospective, cohort, and intervention studies examining the effect of physical activity on MetS, its components, and IR. 46 They found that higher PAL was consistently associated with an improved metabolic profile and a reduced risk for MetS and IR, which was in agreement with the current study findings. 46 A significant association has been reported for the highest duration of time watching television or playing screen-related games, and sedentary time with MetS. 47 The negative association between physical activity and the risk of MetS can be attributed to the response of the adipocytes cell surface receptors to various factors including secretion of catecholamines during exercise which in turn mobilize fat deposits, 2 and attenuate IR as the most important components of MetS. Physical activity has been reported to improve the markers of endothelial dysfunction in adolescents with MetS. 48 Furthermore, exercise can help to maintain a higher lean body mass (LBM) and a higher resting energy expenditure (REE) associated with reduced agerelated changes including obesity caused by lowered REE and LBM or inflammation which has occurred mainly as a result of obesity. 2 Adjusted total macronutrient intake had no significant association with the presence of MetS. Brunner et al. 49 and Dalle Grave et al. 50 have shown that dietary carbohydrate intake is unrelated to the risk of MetS. Likewise, Ludwig et al. reported that the dietary intake of fat, carbohydrate, and protein had conflicting associations with the risk factors of CVD. 51 In addition, a meta-analysis of prospective epidemiological cohort studies evaluating the association of saturated fat with CVD concluded that there is no significant evidence for the association between dietary saturated fat and an increased risk of CVD. 52 However, one study has previously shown that a high total carbohydrate intake may be associated with elevated concentrations of plasma lipids and fasting glucose levels, and may result in the MetS in some individuals. 53 Lopez et al. observed the adverse effects of saturated fatty acid (SFA) on the risk of CVD and glycemic control. 54 The differences between the current findings and the results of previous studies could be attributed to the differences in study design, definitions of MetS, sample size, population group, and the method of dietary assessment.
The lack of consistency of the result of the present study with other studies regarding the association between macronutrient intake and MetS might be the result of the greater impact of dietary intake in earlier phases of life. [52] [53] [54] [55] According to the Barker hypothesis, maternal nutrition and fetal and infant growth have an important impact on the risk of CVD in adults. 56 Additionally, modification in the dietary intake of the participants by previous medical recommendation could be considered as another reason for the lack of significant differences of the adjusted macronutrient intake between subjects with and without MetS and lack of relationship between nutritional factors and MetS.
Overall, the cross-sectional design of the present study should be taken into account when interpreting the results. Since 24-hour dietary recall methodology, which is based on self-recall, was used in the present study, its inadequate precision especially among obese subjects or women should be considered as a limitation. Scagliusi et al. suggested that a greater BMI, social desirability score, and body dissatisfaction score and lower income are associated with systematic underreporting. 57 Therefore, underreporting of energy intake might be an obstacle in the investigation of obese subjects. 58 In the present study, the association between nutrient intake and MetS was investigated among a large sample of adults, which was a representative sample. Therefore, the results of the present study could reflect the general population of Iran. Additionally, we controlled for a number of confounding factors including age, sex, smoking, family history of chronic diseases, as well as total energy intake. However, there are some potential limitations, which need to be considered. The first limitation was the cross-sectional design of the study that does not allow the determination of cause-effect relationships. Second, assessing energy and nutrient intake in this study was based on a single 24-hour dietary recall. In spite of adjusting several potential confounding factors, recall bias and unresponsive bias potentially affected the result of risk factor analysis. Moreover, it may have been better if 3 days of 24-hour dietary recall were analyzed.
Conclusion
An inverse relationship was found between PAL and the risk of MetS, but adjusted dietary macronutrients intake had no significant association with the presence of MetS. Serum concentrations of hs-CRP and uric acid were significantly higher in subjects with MetS. 
